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Abstract 
The major problem encountered in the petroleum industry lies in the proper thermodynamic representation of rather 
complex fluids. In this work, the UNIFAC group contribution method for predicting the properties of such fluids has 
been exploited as a basis for their description in terms of model compounds. Standard thermodynamic procedures are 
used to estimate the critical properties, acentric factors, and molecular weights for the model compounds. In such a 
way, the already available generalized methods can be used for calculations of the phase equilibrium in complex 
petroleum mixtures. 
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1. Introduction 
Recently, an important and specific research has been carried out dealing with the synthesis and 
evaluation of polymeric additives for improving the flow properties of crude oil and gas condensates [1 – 
4]. The phase equilibria in the systems of additives in different solvents were measured [5, 6] in order to 
understand better the mechanism of the additive influence on the transport properties of crude oil and 
middle distillates. Methods for modelling the important properties of solid or liquid polymers and of 
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polymer solutions have also been well elaborated and published lately [7]. However, many problems still 
remain unresolved in this field.  
Crude oil, gas condensate and their derivatives are ill-defined highly complex natural mixtures in 
the sense that they contain too many components to be identified and analyzed. At best, we are aware of 
their complexity. Nevertheless, such petroleum fluids can be characterized after splitting them into 
fractions (e.g. by fractional distillation, extraction, or crystallization) and after subsequent experimental 
determination of properties of each fraction (e.g., molecular weight, boiling point, density, viscosity, etc.). 
The phase equilibria in such mixtures are usually computed by standard thermodynamic procedures 
wherein each fraction is considered as a certain equivalent of a pure component. Such an approach called 
the pseudo-component method [8, 9] will be exploited in this work. The existing methods which were 
developed during the “golden age” of classic thermodynamics [10] will be used for the estimation of 
different physico-chemical properties. These methods are still approximate and have to be perfected. In 
any case, the need for advancement makes thermodynamics a living discipline which requires a good 
combination of experimentation and progress in modelling. 
 
 
2. Procedure 
As stated above, petroleum fluids are complex mixtures consisting of paraffinic, naphthenic, and 
aromatic compounds. The sheer number of components and the poorly defined structure of some types of 
these components requires simplifications, which are more or less justifiable for fractions of a molecular 
weight higher than 100. The main difficulty during the phase equilibrium calculation of such a fraction is 
overcome after its representation as a mixture of well-defined model components enabling an evaluation 
of the averaged characteristic parameters. Based on our previous work [7, 11, 12], a simplified method of 
the characterization of heavy petroleum fractions is described in this paper. The semi-empirical approach 
will be used as it is frequently utilized in this field, because fundamental thermodynamic theories are still 
not sufficiently applicable in practice. Our pragmatic approach is based on the UNIFAC group-
contribution model for predicting vapour–liquid equilibria [7, 13]. 
The method requires the following input data: a complete TBP-analysis (true boiling point vs. liquid 
volume boil-off), a PNA (paraffin–naphthene–aromate) analysis and density data, preferably for each 
subfraction. If some of these values are not available, various procedures for transforming incomplete 
information on the C6+ fraction into satisfactory TBP analyses are used as described in references [9, 14].    
 
Fig. 1. The true boiling point curve for a crude oil from the north Croatian oil field Obod divided in five subfractions 
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The procedure is as follows: the TBP curve is divided in several subfractions (the number of 
subfractions should be as low as possible: five to ten is recommended), as shown in Figure 1 for a crude 
oil from the Croatian oil field Obod. It is assumed that each subfraction contains three model compounds: 
paraffinic (P), naphthenic (N), and aromatic (A). The structure of the model compounds of the 
subfractions is defined in terms of the UNIFAC model. An example of the model compounds is shown in 
Figure 2, but the final adjustment of the number of groups must be estimated in order to match the mid-
volume boiling point for each subfraction. The result of this procedure provides a set of well-defined 
model compounds which represent the complex petroleum mixture. 
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Fig. 2. An example of the model compounds 
 
 
 
The physical characteristics of the crude oil sample from the north Croatian oil field Obod together 
with the TBP and PNA analyses are listed in Table 1. The PNA analysis yields 28 % P, 55 % N and 
17 % A. 
 
 
                                     Table 1. The physical characteristics of the crude oil sample from the north Croatian oil field Obod 
 
Property Method Value 
Density, 15
4d , kg/m
3 ASTM D 5002 846.3 
API degree DMA 4500 35.69 
Pour point, oC ASTM D 97 23 
Dynamic viscosity, 30 oC, mm2/s ASTM D 445 8.58 
Paraffins, wt.% ASTM D6733 28 
Naphthenes, wt.%  55 
Aromates, wt.%  17 
Water, wt% ASTM D 86/93 Traces 
Sulphur, wt% Leco S 132 0.24 
 
TBP distillation ASTM D-2892  
 
 
V, vol.% 
 
T, oC 
0 82 
10 117 
20 150 
30 163 
40 192 
50 227 
60 263 
70 292 
80 330 
90 375 
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The composition of the petroleum fractions in terms of the pseudo-components is calculated by 
fitting the bubble point of the model subfraction to the mid-volume boiling point of the actual subfraction. 
The bubble point is computed assuming 
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where P is the pressure, Pi0 the pure component vapour pressures, xi is the liquid mole fraction and γi the 
activity coefficient of component i. For the activity coefficient calculation, the UNIFAC group 
contribution method with linear temperature-dependent parameters by Hansen is used [15]. The pure 
component vapour pressures Pi0 are calculated using the following equation as proposed by Jensen et al. 
[13] 
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where )(ikX  is the number of groups, kg'  is the group Gibbs energy function and )(ln ik*  is the residual 
activity coefficient of type k in molecule i. The group Gibbs energy functions, 'gk, depends on the 
detailed structure of the molecules. The first term in the equation 2 can be written as 
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where 'gk' is the structure-independent contribution, with temperature dependence given by the following 
equation  
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where Ak,l are Jensen’s parameters. The "iG'  term which takes into account effects arising from 
molecular structure  
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depends only slightly on temperature, as shown in reference [13]. 
 
 
 
3. Results and conclusion 
The calculation is illustrated for subfraction II in Figure 1. The observed mid-volume boiling point 
is 160 oC at 0.101 MPa. The standard procedures [16] are used for the estimation of the critical properties, 
acentric factor, and molecular masses of the model compounds. 
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                                                          Table 2. The input set of model compound 
 
Groups 
Model compounds 
P N A 
CH3 2  1 1 
CH2 6n 2n 3n 
cy-CH2 0 5 0 
cy-CH 0 1 0 
ACH 0 0 4 
ACCH2 0 0 1 
ACCH3 0 0 1 
 
 
 
 
 
The input set of the groups of the model compounds is listed in Table 2. The number n is 
established with the bubble point of the mixture of model compounds adjusted to the observed mid-
volume boiling point (T = 160 oC), using the equation 4 and 
 
101.017.055.028.0 000   AANNPP PPP JJJ  (6) 
 
Good agreement with the experimental mid-volume boiling point was obtained after five iterations, and as 
a result, n = 0.45 was obtained for T = 160 oC, which corresponds to Mr = 304 (observed value 298), PP0 = 
0.110, PN0 = 0.09 and PA0 = 0.107 MPa.  
The procedure shown in the above example is repeated for each of five subfraction, and the boiling 
point temperatures were calculated using the Soave equation of state and an algorithm as described in 
reference [17].  
 
 
 
                                                 Table 3. Prediction of boiling temperatures for crude oil from field Obod 
 
V, vol.% Texp, 0C Tcal, 0C ΔT 
10 117 114 3 
30 163 152 11 
50 227 216 11 
70 292 282 10 
90 375 356 19 
 
 
The differences between experimental and calculated boiling points shown in Table 3 are quite 
satisfactory in comparison with other more complex methods. 
The calculated thermodynamic properties are compared with the corresponding experimental values and 
good agreement was achieved for the light to medium crude oil fractions. More experimental data are needed 
in order to obtain reliable results for fractions with a true boiling point above 300 oC. 
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